Introduction
Undertaking regular physical activity ensures an optimal state of health in all spheres of life, influencing not only good physical function, but also mental functioning. It causes body mass reduction and its maintenance at the right level [1, 2] by increasing the energy expenditure. Nowadays, bariatric surgery is a recognized method of effective treatment of morbidly obese patients. Bariatric surgery, in comparison with non-surgical treatment, has been proven to have better outcomes in terms of the reduction of body mass index (BMI) and remission of several comorbidities associated with obesity. Within 3-6 months after the surgery a significant decrease in fasting glucose, insulin and triglyceride concentrations in serum was observed [3, 4] , which may rapidly decrease the possibility of resolution of the symptoms resulting from metabolic syndrome. Bariatric surgery treatment of morbidly obese patients can improve quality of life and restore the ability to undertake regular physical activity. Since 1995, international organizations such as the World Health Organization (WHO), Fédération Internationale de Médecine du Sport (FIMS), the Committee for the Development of Sport (CDDS), and the United Nations Educational, Scientific and Cultural Organization (UNESCO), alarmed by the low level of physical function and the growing hypokinesis in society, have launched health-oriented promotion of physical activity as the superior aim of the contemporary strategy of public health. This strategy has also been launched by authoritative scientific associations, the European Society of Cardiology, the European Atherosclerosis Society, and the European Society of Hypertension, which indicated that the increase in the level of physical activity is as important as the treatment for hypertension or lipid disorders [5] .
In recent years, a considerable decline in physical activity has been perceived, caused by the increase in sedentary lifestyle and improper diet. Both these factors favour the development of obesity, mainly in the developed and developing countries [6, 7] .
Many epidemiological surveys confirm the influence of a lower level of physical activity on the development of obesity worldwide. The long-standing observations by the Coronary Artery Risk Development In Young Adults (CARDIA) confirm the existence of a strong correlation between longer periods of increased physical activity with a simultaneous decline in BMI [8] . However, a short period of intensive physical training during the cardio-rehabilitation is also effective [9] . The perception of physical activity in overweight and obesity treatment as the 'first projection' of primary and secondary prevention is therefore justified.
Aim
The main aim of this study was assessment of the level of physical activity and its weekly energy expenditure in a group of overweight and obese individuals by means of the mobile application and dedicated web system.
Material and methods

Physical activity monitoring system
Assessment of the daily level of physical activity was conducted according to the after-rehabilitation monitoring system created at the Institute of Rural Health in Lublin (www.imw.lublin.pl). The main aim of the system was to control and motivate people to continue an active lifestyle after conclusion of the rehabilitation programme for low-back pain, and other musculoskeletal disturbances. Volunteers were engaged by physiotherapists, and also had the opportunity to take advantage of the feedback from a group of specialists, including doctors and physiotherapists. Physiotherapists had the opportunity to individually follow their patients at home by means of web software ( Figure 1 ). All volunteers from the Rehabilitation Department received explanations and answers to questions about the telemonitoring system. Consent for medical monitoring and scientific evaluation of anonymous data was expressed by smartphone interface.
The level of physical activity was assessed on the basis of the short version of the IPAQ (average week) that was filled in remotely by all the examined persons, and by continuous processing of data from the accelerometer of a smartphone. The questionnaire included 7 questions concerning the types of physical activity undertaken that are parts of everyday life. Thanks to that procedure, information was collected on the amount of time spent in a sitting position, in movement, and undertaking physical activity at moderate and intensive levels.
The assessed factors were the frequency of undertaking physical activity, its duration throughout the day, and intensity, which facilitated the estimation of weekly physical activity divided into 3 spheres of intensity. The level of intensity of physical effort was determined with the aid of the Metabolic Equivalent, where 1 MET equals the O 2 consumption at rest, and amounts to 3.5 ml O 2 /kilogram of body mass per minute. The adopted values were 3.3 MET for low frequency effort (e.g. walking), 4 MET for moderate, and 8 MET for intensive physical effort. Assessment of physical activity at moderate and intensive levels was conducted only when efforts lasted at least 10 min. The weekly total level of physical activity was obtained by multiplying the number of days it was undertaken in a week, and the duration of a given activity, by the appropriate MET value separately for every sphere of effort intensity, and by subsequently adding together the obtained results for all levels of physical activity performed in a week (MET-min/week). This facilitated the classification of patients into three categories of physical activity and the assessment of its accordance with the basic WHO guidelines for the examined group [10] :
• insufficient physical activity: ↓ 600 MET-min/ week; • sufficient physical activity: 600-1,500 MET-min/ week; 3 or ↑ days of intensive (not less than 20 min/day), 5 or ↑ days of moderate activity and/or walks (not less than 30 min/day); a combination of intensive/moderate efforts at least 600 MET-min/week; • high physical activity: ↑ 1500 MET-min/week; 3 days of intensive effort (not less than 30 min), or everyday moderate/intensive activity (at least 30 min) exceeding 3000 MET-min/week [11] .
Caloric cost calculation
The most accurate reflection of the total weekly energy expenditure is the measurement of its volume, the so-called weekly caloric cost (KAF), calculated as follows [12, 13] : KAF = TAF × 60 min -1 × MC, where: KAF -weekly caloric cost of physical activity (cal × week -1 ), TAF -weekly volume of physical activity, MC -body mass [kg] .
Additional questions facilitated the collection of information on the height and BMI of a given patient, which was then used to calculate the relative BMI [kg/m 2 ]. Assessment criteria for physical activity applied included, as the basis, current health recommendations indicating the regularity of its performance [14] .
Accelerometer data processing
Two types of calibration, static and dynamic, were used in the processing of data obtained from the accelerometer of the smartphone of each user. The static calibration defines the values of gravitational acceleration (measured with the accelerometer) by placing the mobile phone flat on a surface, pushing the measuring button for 3 s, and calculating according to the formula g = sqrt (
as the mean value of 3-second measurements, where x, y, z are momentary components of acceleration from the accelerometer. Dynamic calibration facilitated the elimination of differences in sensitivity of accelerometers of various types of smartphones, but primarily restrained differences in places where they were carried during the use of the application. This was done by pushing the button that activates the application, and starting to walk on flat ground for 1 min until receiving the signal of calibration com- pletion. The application facilitates control of physical activity undertaken between 7:00 a.m. and 11:00 p.m. Individuals with a history of less than 2 days and < 8 h a day of application activity were excluded from the analysis.
The most important element of the application is sending a data package once a day to the server of the Institute: the data are presented on collective charts and thus enable secure access to any measurements for the user. Data from the survey and measurements are collected by web software in the form of anonymous records which are available to researchers, but without the possibility of personal identification of the user without consent.
Study group
A total of 514 individuals of both genders were assigned to the examined group, which was divided into three subgroups depending on the BMI. Figure 1 ). Sixty-nine percent of group III constituted patients with class I obesity (BMI 30-34.9 kg/m 2 ), mainly men (M -88%; F -12%). Body mass index of 35-39.9 kg/m 2 (class II obesity) was observed in 18% of patients from group III (M -84%; F -16%). The rest of the group was characterized by the highest level of body mass (class III obesity, BMI ↑40 kg/m 2 ) and constituted 13% of group III, mainly men (Figure 2) . In all 3 groups, professionally active persons constituted a majority: 76% in group I, 75% in group II, and 80% in group III (Figure 1 ).
Ethics
The study was performed in compliance with the World Medical Association Declaration of Helsinki on Ethical Principles for Medical Research Involving Human Subjects. The authors requested the opinion of the Ethics Committee at the Institute of Rural Health and obtained consent for the study. 
Statistical analysis
Statistical data were gathered using Statistica 12.0 software, elementary descriptive statistics and sign tests.
Results
According to the IPAQ, the most significant element in the assessment of the level of physical activity is the joint (weekly) energy expenditure (METmin/week) of different combinations of physical efforts (MET 1 -intensive efforts; MET 2 -moderate efforts; MET 3 -walking), and the weekly caloric cost (KAF cal × week -1 ) of different levels of physical activity (KAF 1 -intensive efforts; KAF 2 -moderate efforts; KAF 3 -walking). Figure 3) . The average values of total energy expenditure showed a declining tendency along with an increase in BMI. The total weekly caloric cost showed the highest average values in groups II and III, and had the lowest values in the group with proper body mass (Figure 4) .
The results of the research indicate that according to a subjective assessment, the whole group can be qualified as having 'high' physical activity (↑1500 MET-min/week), regardless of the BMI. However, taking into consideration the average amount of days and time spent on undertaking different forms of physical activity, the particular groups do not fit into the norms of this level of activity. The characteristic of the high level is undertaking an activity at least 3/7 days, and 3/5 days for the sufficient level. The average number of days of intensive physical effort and its duration (in a week) amounted to 1 (Table II) .
Results of the research indicate a strong mutual correlation between the weekly energy expenditure (MET-min/week) and the weekly caloric cost (KAF cal ). During analysis of the results of our research, the r 2 value was submitted to assessment by statistical analysis, and indicated a mutual correlation between the examined parameters (MET and KAF). The total value of r 2 in the examined group was 0.9312, which indicates a 93% correlation between the examined parameters. The values in the respective groups were as follows: group I KAF/MET r 2 = 0.9607 (96% correlation), group II: KAF/MET r 2 = 0.9815 (98% correlation), and group III: KAF/MET r 2 = 0.9658 (96% correlation) ( Figure 5 ). The Wilcoxon matched pairs test showed a statistically significant difference between the declared activity (subjective assessment) and the real activity in all examined groups. The declared level of physical activity showed statistically significant differences in relation to the real activity (assessment obtained from the accelerometer of the smartphone) undertaken in all groups, regardless of the BMI. A statistically significant overestimation of the real level of physical activity is observed: in group I, 72.4% showed a lower level of declared physical activity in relation to the real activity; in group II, it was 73.03%; and in group III it was 71.97% (Table III) .
Discussion
A sedentary lifestyle or lack of physical activity are two of the main risk factors of obesity, which is a chronic condition developing as a result of an energy balance disorder, i.e. an excess of energy provided to the organism that exceeds the amount of energy expended by the person [6] .
Technological advances have had negative influences and resulted in an increase in a sedentary lifestyle, a situation well reflected in everyday life by spending passive leisure time. A person expends around 300 calories per day on physical activity and consumes around 2,100 calories, which results in a proportion of 1 : 7. The daily energy expenditure should be increased by 400 calories through aerobic efforts lasting approximately 45-60 min/day [6] to equalize the energy balance.
The WHO project 'The European Health Interview Survey' (EUROHIS), which recommends tools for population health measurement, based mainly on physical activity, recommends the application of IPAQ in its short and long versions. The European Physical Activity Surveillance System (EUPASS) emphasizes its advantages as well assessing it as the most advanced international method for evaluating the level of physical activity [15] . Booth even defined it as the only real method facilitating the performance of research on large populations, particularly in developed and developing countries [16] During The First Mike Stock Conference in Bangkok (2002) it was established that the everyday undertaking of moderate physical effort (45-60 min) in free time is sufficient for the prevention of overweight and obesity, and 60-90 min are enough for the prevention of subsequent body mass reduction in obese persons [6] . Two years later in Prague, a European project on obesity management, the Management of Obesity in Adults: Project for European Care, was presented. In its subchapter dedicated to physical activity, it included guidelines concerning the necessity for increasing daily physical activity by at least 30 min/day, regardless of age [17] . The factor assessed in our research was the BMI, which showed a significant deviation from the weight norm in groups II and III. this situation is linked with significant health risks due to high BMI values. According to the guidelines of the WHO on preventing the development of civilization diseases and on health maintenance in the adult group (18-64 years), the undertaking of physical activity at a moderate (≥ 150 min/week) or intensive level (≥ 75 min/ week) is recommended, or a combination of both kinds of physical effort [18] . In the present study, only group I (78.05 ±88.70 min/week) and group II (75.27 ±96.71 min/week) fulfilled the above-mentioned requirements related to undertaking activity at an intensive level. The IPAQ used in the current study facilitated estimation of the weekly energy expenditure for different levels of physical activity in a given period, which made it possible to assess whether the level of activity is sufficient for preventing secondary overweight and obesity. The level of physical activity enabled the classification of group I and group II patients as those with a 'high' level of activity (1,500-3,000 MET-min/week), and group III, patients in the Moreover, the results of our research showed that there was a declining tendency among the average values of total energy expenditure, together with the increase in BMI. According to the guidelines of the WHO and the American College of Sports Medicine, the recommended optimal frequency of undertaking physical activity in adults (18-65 years) should be at least 5 days a week, from moderate (4-6 MET, ↑30 min/ day) to intensive (> 6 MET, at least 20 min/day). Everyone should undertake (moderate) physical activity at least 3 times a week to maintain health [19, 20] ; however, taking into consideration the average number of days of undertaking different types of physical activities, the studied group did not fit within the norms of the level of activity ascribed to particular groups. The characteristic of the high level is the undertaking of any activity on at least 3/7 days, and for the sufficient level 3/5 days [11] . The average number of days of intensive physical effort was 1.95 ±1.74 in group I, 1.69 ±1.74 in group II, and 1.31 ±1.52 in group III. The values for moderate physical effort were 3.00 ±2.31 in group I, 2.92 ±2.17 in group II, and 2.92 ±2.11 days in group III. Paffenbarger et al. also recommend undertaking intensive/moderate activity 3 times a week, and efforts of low frequency (e.g. walking) at least 6 times a week [21] . The latter recommendation (MET3) was not fulfilled by any of the 3 groups: I -5.15 ±2.4, II -5.30 ±2.26, III -5.06 ±2.36 days. Overweight and obese individuals showed in their self-reporting a tendency towards overestimating the real level of physical activity, and treated the excess body mass as an essential barrier to limit their physical function [22] . This assumption was also observed in the present study, between the declaration of activity (self-reporting) and the registered activity in all examined groups (assessment taken from the accelerometer of each smartphone). A statistically significant overestimation of the real level of physical activity was also observed. In group I, 72.4% showed a lower level of declared physical activity with regards to the real activity, and in groups II and III the percentages were 73.03% and 71.97%, respectively. A difference between self-reported and the accelerometer-measured level of physical activity was also reported by Dyrstad et al. and Garriguet et al. [23, 24] in controlled trials. In the study by Dyrstad, differences were affected by gender, age, and education, but not by body mass index.
The results of our research also indicate a strong mutual correlation between the weekly energy expenditure (MET-min/week) and the weekly caloric cost (KAF cal × week -1 ). During analysis of the results of our research, the r 2 value was subjected to assessment through statistical analysis, and showed a mutual correlation between the examined parameters (MET and KAF). The total value of r 2 in the examined group was 0.9312, which indicated a 93% correlation between the examined parameters. Paffenbarger et al. recommend efforts with a minimum energy expenditure of 2,000 cal × week -1 (300 cal × week -1 ) for an adult weighing 70 kg [21] . The average weight in group I was 68.54 ±10.17 kg, and the above-mentioned norm was fulfilled only for activity at the intensive level: KAF1 2019.58 ±4177.52 cal × week -1 . In group II, due to higher body mass (85.18 ±9.36 kg), values were observed that were sufficient for the caloric cost of all levels of physical activity (↑2,000 cal × week -1 ). In group III (107.01 ±14.53 kg), only the caloric cost of the intensive level of physical activity was too low (KAF1 1959.16 ±4054.07 cal × week -1 ). Undertaking regular physical activity plays an important role in primary and secondary prevention of many civilization diseases, e.g. obesity and depression [25] . However, obesity treatment involves dietary approaches, lifestyle intervention, pharmacotherapy, endoscopic intragastric balloon and increasingly bariatric surgery (BMI ≥ 40 kg/m 2 ) [26] . The statement, originating from many research results [27, 28] , that physical activity can be treated as the universal way of treatment of body mass disorders seems justified in this study.
Conclusions
The results of the study indicate a strong mutual correlation between the weekly level of energy expenditure and its caloric cost. The weekly level of energy expenditure shows a declining tendency, together with the increase in BMI. In the examined group, a statistically significant overestimation was observed of the level of physical activity with regards to its registered level, regardless of the BMI.
